INTRODUCTION
The Chrysanthemum genus Compositae family , which consists of about 200 species is mainly distributed over the northern hemisphere. Among these species, about 20 are native in Japan. In a detailed investigation of the chromosomes of these spiecies, multiples such as 2n 18, 36, 54, 72 and 90 have been confirmed 1 . Kotake and Nonaka previously reported a brilliant work on a main constituent, chrysanthenone, of the essential oil from an agricultural species of the Chrysanthemum 2 ; however, detailed investigations on those of the Japanese native plants are scarce. The Nojigiku Chrysanthemum japonense festival is held in Hyogo Prefecture in Japan every year to enjoy the color, size, and fragrance of C. japonense. The essential oil from the aerial parts of C. japonense has been analyzed to isolate a new monoterpenoids nojigiku alcohol and its acetate, the structure of which has been represented as 5R -2,2-dimethyl-3-methylene-bicyclo[2.2.1]heptan-5-ol. In addition, 15 monoterpenoids and 9 sesquiterpenoids have been reported 3, 4 . However, there are no detailed report on comparison between the aroma evaluation of volatile compounds in C. japonense flowers and leaves. In flavor analysis, gas chromatography olfactometry GC-O is the most common method used for evaluation of odorants; in particular, GC-O combined with aroma extract dilution analysis AEDA has been the most useful method for estimating the contribution of most odor-active compounds 5 . The significant contribution of each odorant to the characteristic flavor can be determined by the OAV. As the OAV is the ratio of concentration to the odor threshold of the compound, it is well accepted that compounds with high OAV contribute more to the aroma of food 6 . The aim of this study is to identify the aroma compounds in the flower and leaf parts of C. japonense by a sensory evaluation and the analysis of odor activity values.
EXPERIMENTAL PROCEDURES

Plant material
The flowers and leaves were collected at the seaside of Suzuki City in Kochi prefecture, Japan in November 2012. Identification of the plant was performed in a biotechnology laboratory at Kinki University. A voucher specimen was deposited at the biotechnology laboratory of Kinki University in Osaka, Japan.
Isolation of essential oils
Fresh flowers and leaves of C. japonense 200 g each were hydrodistilled for 2 h using a Likens-Nickerson-type apparatus, diethyl ether was used as solvent, and was dried over anhydrous sodium sulfate. The oil was stored at 30 in a refrigerator prior to analysis.
Gas chromatography
Oil sample analysis was performed on an Agilent Technologies-6890N gas chromatograph FID equipped with an HP-5MS Agilent Technologies fused silica capillary column 30 m 0.25 mm i.d., 0.25 μm film thickness . The oven temperature was programed as follows: initial rise 40-260 at 4 /min, ending with 5min at 260 . The carrier gas was He, introduced at a flow rate of 1.8 mL/min. The injector and detector temperatures were 270 and 280 , respectively. Samples were injected by splitting at a split ratio of 1:10 and 1 μL of oil sample was injected.
Gas chromatography-mass spectrometry
Gas chromatography-mass spectrometry GC-MS was carried out using an Agilent 6890-5973 instrument. The sample was analyzed using an HP-5MS fused-silica capillary column 30 m 0.25 mm i.d., 0.25 μm film thickness and a DB-WAX column 15 m 0.25 mm i.d., film thickness 0.25 μm . The oven temperature was rised from 40 to 260 at a rate of 4 /min and held at 260 for 5 min. The injector and detector temperatures were 270 and 280 , respectively. The actual temperature in the MS source reached approximately 230 , the ionization energy was 70eV and the mass range was 39-450 amu. The oil 6 mg was diluted with 500 μL of diethyl ether, and then, 1 μL of the resulting solution was injected 1:10 split ratio.
Snif ng test by GC-O
Sniffing test by GC-O was carried out using an Agilent Technologies-6890N gas chromatograph equipped with an Agilent 5973 MSD mass spectrometer and sniffing port ODP 2 sniffing port Olfactory Detector Port 2, Gerstel . The gas chromatograph was equipped with an HP-5MS column 30 m 0.25 mm i.d., 0.25 μm film thickness . The sample was injected into the gas chromatograph in splitless mode. The effluent from the capillary column was split 1:1 v/v between the mass spectrometer and the sniffing port. The oven conditions, injector and detector temperature, the carrier gas, flow rate, and ionization mode were the same as for GC-MS described above.
Aroma extract dilution analysis
The highest sample concentration 10 mg/mL was assigned an FD flavor dilution factor of 1. The essential oil was diluted stepwise with diethyl ether 1:1, v/v , and aliquots of the solutions 1 μL were analyzed. The process stopped when no aromas were detected by assessors. The result was expressed as the FD factor, which is the ratio of concentration of the odorant to the initial volatile oil in concentration at which the odor is still detectable by GC-O.
Identi cation of components
Identification of the individual components was based on the following: i comparison of their GC-MS retention indices RI on apolar and polar columns with those of authentic compounds or literature data 7 ; the RIs are determined relative to the retention times of a series of n-alkanes C8-C29 ; ii computer matching with commercial mass spectral libraries 8 , and comparison of spectra with literature data 9 . The quantitative composition of the oil was analyzed by GC-FID assuming the total of the oil to be 100 . The quantitative analysis of aroma-active components FD ≥ 1 of the oils was performed on the basis of calibration curves for α-pinene 1 , camphene 2 , b-pinene 4 , α-phellandrene 5 , Z -b-ocimene 9 , γ-terpinene 10 , camphor 15 , terpinene-4-ol 18 , carveol 20 , bornyl acetate 25 , b-caryophyllene 31 , and Z -bfarnesene 33 within the concentration range of 0.5-1000 mg/mL. Because of the lack of a proper standard, nojigiku alcohol 17 , α-copaene 29 , and b-elemene 30 were quantified using the calibration curves of camphor 15 and b-caryophyllene 31 . The weight-percent of each compound was calculated using the FID response factor.
Results and Discussion
Volatile compounds in the nojigiku.
The light greenish essential oil obtained from the flower oil had a yield of 0.1322 w/w . A total of 38 compounds 96. 4 were identified. in Table 1 . Monoterpenoids in flower oil were about 1.4 times more abundant than those in leaf oil. On the other hand, sesquiterpenoids in flower oil were about 3.5 times less abundant than those in leaf oil. Among them, the camphane type represented 53.2 and 67.7 of the total oils in flower and leaf, respectively. In addition, the amount of nojigiku alcohol 17 in flower oil was about twice less than that in leaf oil. The amount of bornyl acetate 25 in flower oil was about five times more than that in leaf oil. Although 7.02 γ-muurolene 36 was present in leaf oil, it could not be confirmed in the flower oil.
GC-O, AEDA and OAV
To clarify the potent odorants contributing to the characteristic green and sweet aromas, the AEDA method was performed through GC-O analysis. The aroma-active compounds of the essential oils from C. japonense were identified by GC-O and AEDA. 13 and 12 Compounds were identified in flower oil and leaf oil, respectively Table 2 . A comparison of the gas chromatogram obtained by GC and the corresponding FD chromatogram of the odor-contributing compounds can be seen in Figs. 1 and 2 . According to the FD factors, camphor 15: FD 7, camphor , bornyl acetate 25: FD 6, camphor , and b-caryophyllene 31: FD 5, spicy were the most intense aroma-active compounds; α-pinene 1: FD 4, green and light and nojigiku alcohol 17: FD 4, sweet participated in flower aroma. Camphor 15 , bornyl acetate 25 , and camphene 2 produced the camphor odor; b-caryophyllene 31 produced the spicy odor; whereas α-pinene 1 produced the green Table 1 Chemical components of the essential oil from C. japonense.
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and light odor. Nojigiku alcohol 17 produced the sweet odor of the flower oil in the sniffing test. The most intense aroma-active compounds of the leaf oil were camphor 15: FD 7, camphor , followed by nojigiku alcohol 17: FD 5, camphor and b-caryophyllene 31: FD 5, spicy ; α-pinene 1: FD 4, green, light , γ-terpinene 10: FD 4, earthy , bornyl acetate 25: FD 4, camphor participated in leaf aroma. Camphor 15 , bornyl acetate 25 , and camphene 2 produced the camphor odor, whereas nojigiku alcohol 17 produced the sweet odor. b-Caryophyllene 31 produced the spicy odor in leaf oil. These compounds were determined to be the characteristic aroma-active compounds of leaf oil.
The OAV was used to determine the relative contribution of each compound to the aroma of C. japonense. The OAV was obtained by taking into account the concentration and Table 2 Odorants of the essential oil from C. japonense. odor threshold 9 12 of each compound. The results are shown in Table 3 . Because of the unavailability of odor threshold data in the literature, the OAVs of nojigiku alcohol 17 , carveol 20 , α-copaene 29 , b-elemene 30 , and Z -b-farnesene 33 were not determined. In flower oil, camphor 15 had the highest OAV 136913 , followed by bornyl acetate 25: 113711 and b-caryophyllene 31: 116480 . These had especially high FD factors, and these compounds were therefore considered to be the main aroma-active components of flower oil. Generally, compounds with a high FD factor also have high OAV;this confirms the positive relationship between the FD factor and OAV 13 .
b-Caryophyllene 31 had the highest OAV 526267 , followed by camphor 15: 106784 and camphene 2: 90360 . In particular, camphor 15 and b-caryophyllene 31 showed high FD factors and high OAV. These results suggest that these compounds were major contributors to the aroma of leaf oil. The quantitative amounts of camphor 15 from fruit oil were similar to those from leaf oil.
In conclusion, we have investigated the characteristic odor components in the two parts of C. japonense by a sensory evaluation and analysis of OAVs. On the basis of AEDA, OAVs and sensory evaluations, camphor 15 were determined to be the main aromatic compound of flower and leaf oil. In flower oil, camphor 15 , bornyl acetate 25 and camphene 2 produced the camphor odor, and b-caryophyllene 31 was important in producing a spicy odor. Camphor 15 , camphene 2 and bornyl acetate 25 produced the camphor odor; nojigiku alcohol 17 contributed to the sweet odor, and b-caryophyllene 31 contributed to the spicy odor in leaf oil. Therefore, greater amounts of the characteristic compounds and the unique odor of essential oil can be extracted from the leaf oil than from flower oil Fig. 3 . Fig. 3 Structure of the characteristic compounds and unique odor in essential oil from C. japonense.
